Introduction
Currently in the United States (US) there are almost 1100 primary stroke centers (PSCs) certified by the Joint Commission (JC), and at least 1500 if other certifying agencies are included. 1 Other countries also have hundreds of hospitals that operate as PSCs, some of which are certified by various governmental agencies. Some prior reports about care at PSCs have focused on patients with ischemic stroke and the use of intravenous (IV) tissue plasminogen activator (TPA). 2, 3 Other reports have dealt with processes of care and the utilization of secondary prevention therapies. 4 There are many other medical and surgical therapies that may be used at some PSCs for patients with ischemic and hemorrhagic strokes. Among the most important and complex procedures performed at a stroke center, endovascular therapies (EVTs) are of particular importance because of their costs, risks, and outcomes.
A number of recent prospective randomized trials have reported the benefits of emergent endovascular clot removal, with or without IV TPA, in patients with acute ischemic strokes due to occlusion of a large intracranial vessel. [5] [6] [7] [8] [9] These reports have highlighted the need for patient access to EVT for acute ischemic stroke, and focused attention on the availability and location of facilities that can perform such interventions. 10 Although many of these patients and interventions are likely to occur at a comprehensive stroke center (CSC), to date there are a limited number of JC-certified CSCs in the US. The distribution of CSCs is uneven and much of the US population does not live close to a CSC. 11 Yet it appears that thousands of EVT procedures are performed annually in the US alone, suggesting that the performance of EVTs at PSCs (and other facilities) is a common occurrence of medical significance. 12 Yet there is a paucity of data about the availability and use of these interventions at PSCs. This is important for planning patient triage and possible emergency medical services (EMS) diversion of patients in need of EVT for acute stroke. 13 To address this issue, we conducted a prospective survey of certified PSCs to determine the availability, operator training, hospital characteristics, and monitoring of outcomes for various EVTs at these facilities. Our hypothesis was that many PSCs were performing a variety of EVTs for various indications, but with unclear monitoring of outcomes.
Methods
The JC sent via email a survey to every hospital that was a certified PSC as of June 2013. The survey inquired about availability of EVTs at the hospital, including the use of intra-arterial (IA) lytics for acute ischemic stroke, endovascular mechanical clot removal, coiling of aneurysms for symptomatic or asymptomatic cerebral aneurysms, and stenting of cervical arteries. Additional questions sought information about hospital type, physician training and specialty, physician coverage paradigms, and how patient outcomes were tracked.
Duplicate responses were either removed or combined to reduce double counting. The number of responding organizations varied for each question. Numbers and percentages were calculated based on the total number of unique responding organizations for each question. Descriptive statistics were used for analysis of most of the respondent data. We used chisquare analysis to examine differences between academic and community PSCs as related to the above parameters and responses.
Results
Responses and data were available from 352 certified PSCs (out of 943 surveyed). Among the 317 hospitals that defined their characteristics, 75% were community hospitals, 23% academic centers, and 80% were nonprofit organizations (see Figure 1 ). Hospitals varied significantly in size, with an average daily census of 100-499 for the vast majority of responding organizations. In general, these hospitals saw large numbers of stroke patients, with almost half (48%) seeing 300 or more stroke patients annually with acute ischemic stroke (see Figure 2 ). A majority (60%) provided some or all EVTs on site, while 29% had none on site and no plans to add them. About 11% of responding PSCs were planning to offer some EVTs at their facilities in the future.
Among the respondents offering EVTs, 95% offered stenting of neck vessels, 86% offered IA lytics, 80% had endovascular mechanical reperfusion techniques for ischemic stroke, and 74% performed coiling of cerebral aneurysms. A slight majority (>55%) of facilities that did offer such services provided them 24 hours a day, seven days a week, and 365 days/year. Such coverage did vary by procedure (see Figure 3 ), with stenting of neck vessels most often offered 24/7/365 (at 70.3% of responding PSCs), followed by IA lytics (66.5%), IA mechanical reperfusion (60.5%), and coiling of aneurysms (54.8%). There was only one significant difference in EVT service availability between academic and community PSCs, namely IA mechanical interventions, which were available at 84.4% of academic facilities vs 68.1% of community hospitals (p ¼ 0.027).
Coverage for EVTs was provided by a variety of specialists with diverse training backgrounds (see Figure 4 ). Most EVT coverage was provided by interventional neuroradiologists (60%), fellowship-trained endovascular neurosurgeons (42%), and interventional radiologists (41%). Each PSC might have had coverage by a number of different interventionalists with a variety of training backgrounds. About half of treating physicians (53%) cover just one facility, while 22% cover two and 7% cover three (see Figure 5 ). Different physicians at a specific facility might offer coverage to different numbers of outside facilities depending on their contractual obligations, but we did not collect detailed data in this regard.
Most facilities (75%) indicated that they would transfer a patient to a site with endovascular capability if a patient treated with IV TPA at their facility did not show a clinical response. The vast majority of hospitals (81%) did not participate in an audited national registry for EVTs and their outcomes, although 91% of hospitals did indicate that they tracked outcomes locally. Details of how such cases and outcomes were tracked were not collected. 
Discussion
This survey study found that among responding PSCs, the majority offer some or most EVTs in either an academic or non-academic setting. There are clearly many patients who require interventional procedures for cerebrovascular disease yet do not have easy access to a CSC because of the small number of such facilities and their uneven distribution. 1, 14 The fact that a significant proportion of PSCs appear to offer some EVTs might improve patient access to these procedures. The availability of EVT services at some PSCs might also have implications in terms of protocols that promote field triage of patients and by-passing PSCs to reach a CSC. 10, 15 Such a paradigm might not be appropriate in all circumstances and areas depending on the availability of interventional and support services at a local PSC. Other factors such as local geography, distances, and traffic might further influence triage and diversion decisions.
The availability of EVT services is not required by the JC for certification as a PSC, nor are they required by other certifying agencies or state health departments. Recent trends have shown a significant increase in the use of EVTs for patients with cerebrovascular disease. 16 This might be expected to increase even more based on the recently published positive results of the MR CLEAN, ESCAPE, EXTEND-IA, 
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Interventional Neuroradiology 23 (1) SWIFT-PRIME, and REVASCAT studies of emergent clot removal for patients with acute ischemic largevessel strokes. [5] [6] [7] [8] [9] The availability of EVT services also has implications for designing and operating stroke systems of care. 10, 17 We suspect that some (perhaps many) of the PSCs that offer extensive EVT services are going to become or attempt to become a CSC. Hospitals designated as CSCs are required to offer a variety of EVTs, typically with 24/7/365 coverage. 18 In addition, more than a single interventionalist is needed for an organization to be certified by JC as a CSC, since 24/7 coverage cannot be provided by a single person.
Beyond the coverage issue, EVTs cannot be performed in isolation. Typically a multidisciplinary team is required for patient assessment and care before, during, and after such interventions. In many if not most cases the patient would be cared for in a neuroscience intensive care unit (NICU). Cases with complications might require a multidisciplinary care team, including neurosurgeons and neurointensivists in some cases. 19 These elements are not present in many PSCs or community hospitals. Since our survey did not collect detailed data about such support services, we are uncertain to what extent they are available in the PSCs offering EVTs.
Our survey found that a variety of specialists were performing EVTs in a number of practice settings. This might in part reflect some flexibility in training requirements and pathways that lead to the expertise and experience needed for a practitioner to perform EVTs. Even with such diversity in specialists who provided EVT services, more than 40% did not offer some or all services on a 24/7/365 basis. Whether this is related to lack of availability of physicians performing EVT or support staff for the interventional suite is unknown.
It was surprising that the vast majority of PSCs that offered EVTs did not participate in an audited registry, although they did track outcomes locally. If such centers performed a small number of EVT procedures, then participating in a national registry would seem to be important to track and compare outcomes. If such centers had larger numbers of patients who underwent EVTs, then contributing to a national registry might affect overall outcomes and be useful for interhospital comparisons and benchmarking of results and complications. Tracking outcomes is also important since some medications and devices involved in EVTs are being used off-label. 20 There are some potential limitations of our study. We had data only from responding facilities, but our overall response rate was 34%, which is typical if not slightly high for these types of studies. Nonetheless we cannot rule out a response bias in that those facilities that offered EVT services might have been more likely to participate in the survey. In our survey, only 23% of responses were from academic medical centers. Larger surveys of PSCs have found that 30%-60% are academic or teaching hospitals; thus our results may not be representative of all PSCs. 21, 22 We did not ascertain any data on patient outcomes. A future study might compare characteristics between centers that offer EVT compared to those that do not Figure 4 . Training of specialists providing endovascular treatment (EVT) services at responding primary stroke centers (PSCs). Numbers are greater than 100% because of multiple training pathways for some respondents. offer such services. It would have been informative to determine if outcomes for these procedures varied by PSC type, location, or staffing, lastly, the support staff for EVTs is of great importance. The training and experience of the nurses and technicians in the interventional suite can be an important factor in the safety and efficacy of these procedures. Our survey did not include data on these personnel.
In conclusion, our survey found that a variety of important EVT services are offered both in academic and community-based PSCs. These services are typically but not always available 24/7/365. This fact may influence patient triage and EMS protocols for acute stroke patients. Increasing participation in a national registry may be an opportunity to track and validate outcomes. How EVT availability at PSCs will affect the formation and number of CSCs and stroke systems of care is unknown.
